Key Question Summary
What is known about the topic?
Formalised training in the use of information computer technology (ICT) is widespread in the health service. However there is limited evidence to support the modes of learning typically employed. Formalised training is often costly and there is little other than anecdotal evidence that currently supports their efficacy in the workplace.
What does the paper add?
Assessment of accuracy when using the BOSSnet system over time revealed that daily use rather than formalized training appeared to have the most impact on performance. Formalised training was rated poorly and this appeared to correlate to time between training and use. This study suggests that formalized training, if required, should be delivered close in time to actual use of the system to benefit end-users. The study also shows that daily experience is more effective than formalized training to improve accuracy.
What are the implications for practitioners?
Formalised training for ICT needs to be scheduled in close proximity to end-user use of the ICT. Current scheduling may be beneficial for ease of delivery but unless it is delivered at a suitable time the benefits are minimal. Formalised training programs may not be critical for all staff and all staff improve with contextualised experience given time. Training may be better suited to optional rather than compulsory delivery programs with ongoing delivery to suit user schedules.
Introduction
Rapid progression of technology has resulted in a range of new Information Communication Technology (ICT) programs available for use in the healthcare sector, with the digital medical record (DMR) increasingly becoming the primary mode of non-verbal communication 1 . The use of electronic health information is thought to improve communication and the development of electronic health records with shared access is expected to facilitate continuity in care [2] [3] .
With new technology comes the need to adequately train staff in its capabilities 4 , and the consequences of poor implementation and training of ICT can be significant [5] [6] . session is to transmit sufficient information for each participant to undertake the required task independently.
Models of skill acquisition show that training novices requires more than imparting knowledge.
It is important to provide training that is relevant in relation to preexisting skills and learning styles as well as providing an opportunity to discover the nature of the real context and its associated variability 7 . With practice the participant reduces the cognitive effort associated with performing the task by developing strategies to manage frequently occurring variables.
Simulation based training or systematic approaches involving specific pathways and education plans for clinicians have previously been employed to teach ICT skill [8] [9] . Such specialised training and education has been shown to be effective and improve clinicians' confidence.
However, they are impractical when training large cohorts of staff.
The aim of this study was to evaluate whether the current model of ICT training enables the FSH medical workforce to use BOSSnet efficiently and accurately in the context of their clinical roles by using a combination of survey questions and competence assessment of medical staff.
Methods

Participants
All 125 interns (first year doctors) employed at FSH in 2015 were selected to participate in the study after completing the ICT training session during the hospital induction and orientation program. However, only 20 participants completed the entire study and were eligible to be included. Of the participants, 45% were female and 55% were male with an average age of 27 years (range 23-45 years old). At the time of the data collection, 10% of participants were completing surgical rotations, 20% of participants were completing emergency medicine rotations and 70% of participants were completing medical rotations. Formal ethics approval was granted by the relevant institutional ethics committees.
Data collection
An e-learning package was created using the Adobe Captivate tool. The e-learning package required participants to complete 10 tasks within the BOSSnet platform that represented tasks that would be commonly encountered by junior doctors within the scope of their normal clinical duties ( Table 1 ). The aim was for the participants to complete the tasks efficiently (in the shortest amount of time) and accurately (with as few clicks of the mouse as possible).
Participants needed to complete each task independently (i.e. without assistance from the researchers or other participants) before they could advance to the next stage. In addition, a questionnaire was created and embedded in the BOSSnet task. The questionnaire used a 10 point Likert scale and dichotomous scale for the participants to rate their self-perceived skill level using computers in general vs BOSSnet, the usefulness of the ICT training session and their willingness to train others in BOSSnet ( Table 2 ). The testing was performed on three separate occasions at an FSH computer lab during the participants' normal working hours.
The initial testing took place immediately after the participants had completed the ICT training session as part of the hospital induction and orientation program. The participants were then divided into two distinct groups to complete further testing at a future date; those who completed their first rotation at FSH (group one) and those who completed their first rotation offsite then completed their second rotation at FSH (group two). The learning management system that was used to interface the BOSSnet e-learning package suffered a malfunction during the initial testing, resulting in a significant loss of data. This caused the participants to disengage from the study which led to a large drop-out of participants. Therefore there is no data from the initial testing period.
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Approximately two thirds of the total intern cohort completed their first rotation at FSH (group one). Of this group, only 14 participants returned 20 days later to complete the testing again (test one). Of those participants, 10 returned 30 days later to repeat the testing (test two).
Approximately one third of the total intern cohort completed their first rotation offsite, where BOSSnet was not used, then completed their second rotation at FSH (group two). Of this group, only 10 participants completed the testing again during the first week of their return to FSH (test one). All 10 of those participants returned 30 days later to repeat the testing (test two).
All participants used BOSSnet on a daily basis during the 30 days between test one and test two. Therefore, both groups had 30 days between testing (Figure 1 ). Despite the participants completing different rotations at the time of the data collection, all participants reported using BOSSnet more than 10 times per day.
Data Analysis
All data analysis was conducted in SPSS (IBM SPSS V.22). Comparisons between group performances across time was conducted using non-parametric Wilcoxon sign test and repeated measures analysis of variance. The coefficient of variation was calculated to quantify within group variability.
Results
The participants rated their overall level of computer proficiency as high in both test one (x = 7.15) and test two (x = 7.5), suggesting that the participants had a consistent appreciation of their skill level. A Wilcoxon signed rank test revealed a significant (p = 0.002) increase in selfrating BOSSnet proficiency from fairly poor in test one (x = 4.85) to fairly high in test two (x= 6.83).
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At the initial testing, participants felt that the formal training had poorly prepared them for their clinical roles (x = 4. 26). However, a Wilcoxon signed rank test revealed a significant improvement (p = 0.04) to a moderate rating when participants were asked the same question after test two (x = 6.3).
Despite an improvement in self-perceived BOSSnet proficiency by test two, participants still reported that they would only be moderately comfortable teaching another staff member how to use BOSSnet (x = 5.7).
As well as a self-perceived improvement in performance rated by participants, a significant improvement in efficiency (measured by the time taken to complete the tasks) and accuracy (measured by the number of wrong clicks) was found for all participants between the two tests ( Figure 2 ).
Accuracy, measured as the number of wrong clicks improved for both groups of participants between test times (F (1, 19) = 14.29, p < 0.01). Interestingly, both groups ended up with similar accuracy on test two despite group two starting with significantly poorer accuracy. This interaction between test time and group was significant (F (1, 19) = 8.097, p = 0.01) ( Figure   2a ).
An analysis of variance with one between factor (group) and one repeated measure (test) was conducted to determine if efficiency, measured as speed or time to complete the task, improved significantly and similarly across tests by group. Despite high levels of participant variability within groups, across test time all participants showed a significant improvement in speed from test one to test two (F (1, 29) = 127.264, p = 0.00). We also observed that group 2 initially took longer to complete the task by an average of 103 seconds when compared to group 1. In test two, however, there was an average of 18 seconds difference to complete the task where group Page 9 of 15 one took marginally longer than group two (Figure 2b ). However neither of these differences were statistically significant.
The coefficient of variation (CV) was calculated to determine the proportion of variability within groups across tasks and tests. It was clear that participants often found the task frustrating. Group one showed a CV of 21% in test one, which increased to 38% in test two.
The seconds per click were recorded as a measure of how participants approached the task. For instance, to improve the degree of efficiency, one might ponder the task prior to acting suggests that the interns in term two approached the task with more caution overall. However, a Box test of equality of variances was significant, which is likely the result of a high degree of variability between how participants approached the task as well as the small sample size.
Discussion
The key findings from this study suggest that the timing of training relative to use of the ICT system is important in determining the level of benefit of the training to end users. In addition, the study suggests that daily use of the system provided rapid improvements in performance.
Overall, both groups of participants improved in their performance of the BOSSnet tasks over time. This improvement was assessed subjectively by participants (through the questionnaire)
as well as objectively (through the measurements of efficiency and accuracy). This
Page 10 of 15 improvement occurred over a relatively short period of time (30 days). This improvement was, however, in the context of the participant cohort who rated themselves at the initial testing as having a fairly high level of general computer proficiency. This may be related to the young demographic of the participants (mean age of 27 years), which anecdotally is usually associated with greater comfort in ICT, as well as their job role, which requires high level of computer proficiency in daily practice. Formal training was reported by the participants to be inefficient and of little value, and the results of this study show that, in itself, daily exposure to BOSSnet alone improved the performance of the participants.
Disappointingly, while the researchers initially had access to a large number of participants, the malfunction of the learning management system resulted in a significant loss of data. This caused the participants to disengage from the study which led to a drop-out of participants.
Participants completed the activity during working hours which also meant there was difficulty in recruiting staff from busy departments. Despite this, the data did show significant changes, but the effect of natural variation in skill level was more prominent due to small participant numbers.
Initial participation was excellent as the task was included in a mandatory computer education session that interns completed for orientation. However, engaging doctors in research can often be difficult due to limited time, competing clinical roles and lack of interest. Improving participation may be helped by providing quarantined time for these activities, which would require hospital administrative support. However the value of this quarantined time could be justified through enhanced research outcomes that facilitate improved practice. In addition the use of case studies highlighting poor patient outcomes and the associated moral and legal liability issues to illustrate the importance of the task/research might improve engagement and participation.
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The BOSSnet task was kept identical between tests in order to compare performance and despite a 30 day lapse, recognition of the task could contribute to performance. Other confounders related to the participants may include a degree of collaboration between participants, despite being instructed to perform the task independently or recalcitrant participants who deliberately did not try to complete the tasks as efficiently and accurately as possible.
The healthcare sector is increasingly using ICT programs, and with this comes the need to adequately train the ICT users in the applications to improve their user interactions 4 . User satisfaction with electronic health records shows a high degree of variation, with low satisfaction commonly related to poor experiences with ICT whilst high satisfaction correlated strongly to support provided and usability and reliability [10] [11] [12] [13] [14] . In addition the successful implementation of new ICT is closely related to ease of use, perceived benefits and familiarity 15 , all of which can be enhanced through training. Therefore adequate training and support is important for the effective use of ICT in the health system. The annual cost of ICT training in a cohort of 125 interns at FSH is over $18,000. With the total number of doctors employed at FSH being over 1320, the training cost is significant; however time and financial resources are limited. This necessitates detailed evaluation of the efficacy of training modules and their implementation. In this study, the efficacy of the current training module was limited and timing relative to use was critical for user benefits. The study suggests changes to the timing and structure of training will significantly benefit the clinicians using ICT.
Conclusion
The results of this study suggest that medical staff benefit from formal training only when it occurs in close proximity to their employment commencement, as with group one. However, following 30 days of ward-based experience, all staff ultimately exhibit a similar skill level, taking into account natural variability in skill level. Therefore, future workforce coordinators and educational staff should schedule formalized ICT training in close-proximity to the time of end-user use of the relevant ICT. This will facilitate the greatest impact on performance and knowledge acquisition. Table 1 . Defined tasks for participants using the BOSSnet training platform: Table 2 . Questionnaire completed by all participants before initiation of the task
